The fast neutron rate is measured at the site of NEOS experiment, a short baseline neutrino experiment located in a tendon gallery of a commercial nuclear power plant, using a 0.78-liter liquid scintillator detector. A pulse shape discrimination technique is used to identify neutron signals.
I. INTRODUCTION
Short baseline reactor neutrino experiments such as NEOS (Neutrino Experiment Oscillation Short baseline) experiment are designed to search for the possible existence of sterile neutrinos [1] . One of the motivations for these experiments is so called "reactor anomaly" [2] and it is observed by other reactor based neutrino experiments [3, 4] . The electron antineutrinos from the reactor can be detected by the inverse beta decay (IBD),ν e + p → e + + n. In a liquid scintillator (LS) doped with Gd, which is typically used for reactor based neutrino experiments, the positron produces light signal immediately giving the prompt signal and the neutron gets thermalized and then captured by either H or Gd. Subsequently, a delayed signal, a 2.2 MeV photon signal from H captured event or ∼ 8 MeV from Gd captured event, follows the prompt signal by on the order of tens of microseconds. The existence of the sterile neutrinos can be probed by examining the rate of IBD events.
To maximize the sensitivity to the existence of the sterile neutrinos in the reactor based neutrino experiments, the detectors need to be placed as close to the reactor as possible, on the order of tens of meters or less. However, it is often hard to find a space to install the detector at such a close range to the reactor with adequate shielding from the cosmogenic backgrounds as well as the reactor originated neutrons to a lesser extent. The fast neutrons can mimic the IBD signal; the neutron elastic scattering produces a recoiling proton that can be misidentified as a prompt signal and then captured by H or Gd to produce a delayed signal. Therefore, finding a suitable location to place the detector with enough overburden and shielding is important. Table I lists the recent short baseline neutrino experiments. DANSS and NEOS experiments use commercial nuclear power plant reactors, whereas the remaining experiments use research reactors. Generally a commercial reactor based experiment is provided with a larger neutrino flux and a better shielding against neutrons due to heavy structures the reactor complex is required to have. While there is more space available for installing the detector at research reactor facilities for a better sensitivity, the research reactors have a small neutrino flux than that of the commercial reactor based experiment. Also, the research reactor facilities usually have a negligible overburden and they are primarily used as a neutron source. In fact, the NUCIFER experiment has observed a significant difference in the neutron rate between the reactor-on and off periods [5] . Therefore, it is important to 1 measure the neutron rates at the possible experiment sites. We present measurements of the fast neutron rate using a pulse shape discrimination (PSD) technique at the NEOS experiment site, which is located in a tendon gallery of Hanbit nuclear power plant complex, and an overground site with a negligible overburden to emulate the measurements at research reactor sites. The measurements were performed before the site selection. Based on many criteria, especially on the fast neutron rate among others, a site at Hanbit nuclear power plant was chosen over a research reactor facility. The NEOS experiment took data for an 8-month period ending in 2016.
II. NEUTRON DETECTOR AND PULSE SHAPE DISCRIMINATION
The neutron detector used in this work is a small volume LS detector. The neutrons identification against dominant γ background is done using a pulse shape discrimination The parameters used in the PSD method used here is illustrated in Fig. 2 . The tail charge Q tail is defined as
where V (t) is the height of the signal in voltage at time t, c is the voltage-to-current conversion constant, t max is the signal gate duration time (480 ns), and t c is the time defining the start of the tail section of the pulse, which is optimized for the neutron-γ separation power. From the source calibrations described below, t c is determined to be 80 ns after the pulse threshold time, t pulse , that is defined by
wheret and w are parameters to be determined by the pulse shape of each signal. The rising part of the pulse is fit with
where V max is the maximum voltage in a pulse and t V =Vmax is the time where the maximum pulse height occurs. The total charge Q total is obtained by integrating the pulse over the time range of [0, 480] ns. The ratio of the charge in the tail to the total, Q tail /Q total , is used as the PSD discriminant parameter.
To test the performance of the detector, 60 Co and 252 Cf radioactive sources are used. The 
III. NEUTRON RATE MEASUREMENTS
The neutron rates are measured at two sites; the tendon gallery of the Hanbit nuclear power plant reactor unit 5 complex in Yeonggwang where the NEOS detector is placed and a site known as the KT1 laboratory in Daejeon, both in Korea. The tendon gallery of the reactor complex is located 10 m below the surface and has an overburden of about 20 m water equivalent. The KT1 laboratory has a negligible amount of overburden as is the case for many research reactor facilities.
The data is taken with the detector for three days at the KT1 laboratory with a 5 cm thick lead shielding to reduce the external γ's. Figure 5 shows the scatter plot of Q tail /Q total vs Q total for a set of data taken for about two hours at KT1 laboratory. A separation between neutrons and γ's can be seen along Q tail /Q total . The red line shown in the plot separates the neutrons from γ's, which is determined for each data set. The events in 200 < Q tail /Q total < 1 500 pC are counted. The measured neutron rate is about 2 300 per day as shown in Fig. 6 .
The measurements is made at the tendon gallery of Hanbit nuclear power plant complex for a period of about 40 days, which includes periods of reactor-off and on as well as ramping up. Figure 7 shows the scatter plots of Q tail /Q total vs Q total during the reactor-on and off for the reactor-off plot is about three times longer than that of the reactor-on plot shown here.
The events above the red line are counted as neutron events.
reactor-off and on periods, respectively. No significant difference is observed between reactoron and off periods indicating that there is enough shielding against neutrons originating from the reactor at the tendon gallery. Figure 8 shows the fast neutron rates during the reactoron, off, and ramping up periods. The results are summarized in Table II . The variations in the neutron selection cut in Q tail /Q total is accounted for as a systematic uncertainty. Tendon Gallery (on) 17.5 21.8 ± 1.12(stat.) ± 1.12(syst.)
IV. CONCLUSION
The fast neutron rate is measured with a small LS detector using the PSD technique.
The fast neutron rate at the tendon gallery of Hanbit nuclear power plant where the NEOS experiment is performed is measured to be ∼ 1/100 of that of the overground facility with a negligible overburden. It is also found that the reactor operation does not affect the fast neutron rate at the NEOS experiment site.
